Biostratigraphic data provided by the sections of the Caravaca-Cehegín region, SE Spain, have contributed decisively to the lively debate that has taken place in recent years concerning the Berriasian/Valanginian boundary. This work presents the results from new integrated stratigraphic analyses of these sections, based on the distribution of ammonites, calpionellids and calcareous nannofossils, and their calibration with the magnetic polarity scale. It is confirmed that the conflicting interpretations in the literature on the distribution of some ammonites and calcareous nannofossil species are mainly due to differences in taxonomic assignment. The event succession observed allows precise characterization of the Berriasian/ Valanginian boundary, defined by the first occurrence of Calpionellites darderi. Some of the sections studied fulfil the prerequisites to be considered as potential boundary stratotypes.
Introduction
Over the past 25 years, intense debate has taken place concerning the definition of the Berriasian/ Valanginian boundary in the Mediterranean region. Many of the arguments used in that discussion were backed up by detailed biostratigraphic studies performed by different authors in several sections of the Subbetic Domain in the Caravaca-Cehegín region, Murcia, SE Spain (Figure 1) . were the first to provide significant data on the stratigraphic distribution of ammonites, calpionellids and nannofossils from the Berriasian/lowermost Valanginian of this region. Their results differed significantly from those published earlier by Le Hégarat & Remane (1968) and Le Hégarat (1973) for the same stratigraphic interval in SE France ( Figure 2 ).
Some years later, two of us (Company & Tavera, 1982) recognized a biostratigraphic succession in the same sections of the Cehegín area, which was very similar to that described by Busnardo & Thieuloy (1979) in the Vocontian Basin, with three ammonite assemblages which corresponded, respectively, to the Berriasella calisto Subzone and the Thurmanniceras otopeta and Thurmanniceras pertransiens Zones. In that work, the Berriasian/Valanginian boundary was defined by the appearance of Th. otopeta.
However, Hoedemaeker (1982) had shortly before reached quite different conclusions in studying the Río Argos sequence (Caravaca). This author placed the Berriasian/Valanginian boundary at a lower stratigraphic level, coinciding with the base of the Tirnovella alpillensis Subzone where, according to his interpretation, ammonites traditionally considered as characteristic of the Valanginian (i.e., the genera Neocomites, Olcostephanus, Sarasinella and Thurmanniceras) appeared together with typical Berriasian taxa. In addition, he placed the first appearance of Th. otopeta somewhat above that of Th. pertransiens, leading him to consider that the Th. otopeta Zone lacked faunal distinctiveness and was, therefore, no more than a junior synonym for the lower part of the Th. pertransiens Subzone (sensu Le Hégarat & Remane, 1968) , at which time the two species would have coexisted.
Both interpretations have been defended repeatedly by their respective authors (Company, 1982 (Company, , 1987 Hoedemaeker, 1983 Hoedemaeker, , 1984 Hoedemaeker, , 1987 Hoedemaeker, , 1991 Hoedemaeker, , 1995 Tavera, 1985; Tavera et al., 1986; Company & Tavera, 1992) , without really providing any new arguments over the years.
To clarify these discrepancies in the data on sections situated in such geographically close areas, we have carried out new bed-by-bed sampling of these sections and made a comparative analysis of the vertical distribution of the ammonites, calpionellids and calcareous nannofossils. The results have enabled us to identify precisely the relative stratigraphic position of the bioevents that occurred in the latest Berriasian and the earliest Valanginian, leading us to reconsider the definition of the boundary between these two stages. A preview of these results was presented by Aguado et al. (1995) .
Sections studied
The sections studied are located along the Río Argos, southwest of Caravaca, and in the area between the northern slope of the Sierra de Quípar and the Barranco de Cañ ada Luenga, south of Cehegín (Figure 1) .
From a geological viewpoint, both outcrops belong to the Subbetic Zone, which corresponds to the pelagic realm of the southern palaeomargin of the Iberian Plate. Despite this and the fact that the present distance between the two areas does not exceed 10 km, their lithologic sequences are notably different. Thus, in the northwestern area (Río Argos), the Berriasian is represented by basinal facies (marllimestone rhythmites) of the Miravetes Formation. By contrast, pelagic swell facies (nodular limestones and other related lithologies) of the Tollo Formation occurs in the area of Sierra de Quípar-Cañ ada Luenga. From the top of the Berriasian, the basin facies (Miravetes Formation) extends throughout the region (Rey, 1995) .
In the Río Argos area, we have studied the section Y.Mv (Figure 3 ), situated near Cortijo de Miravetes, 3 km southwest of Caravaca. This section has been the subject of many biostratigraphic studies, such as those by Geel (1966) , , Hoedemaeker (1982) , Hoedemaeker & Leereveld (1995) and Leereveld (1997) . For the present study, we have analysed only the upper part of the section, corresponding to the uppermost Berriasian-lowermost Valanginian interval (beds 230-276a). To facilitate comparison of the results, we have maintained the original numbering of Hoedemaeker (1982) , which was still clearly visible at outcrop when our field work was carried out. The lithological succession is composed of a rhythmic alternation of marly limestone beds (5-70 cm thick) and marly interbeds (varying between a few cm and several m thick). The macrofauna is composed almost exclusively of ammonites, with a minor proportion of belemnites and benthic invertebrates. The other sections analysed are located, as stated above, in the area of Sierra de Quípar-Cañ ada Luenga. There are also numerous works that provide data on the biostratigraphy of the Berriasian/ Valanginian boundary of this area (Kuhry, 1972; Company & Tavera, 1982 Tavera, 1985; Company, 1987; Aguado, 1993b) . We have data from six sections (see Figure 1 and Company, 1987 , for details of their situation). Two of these (M.CL and Y.CL 2 ), situated in the Barranco de Cañ ada Luenga, some 3 km SSW of Cehegín, have been taken as reference sections and are represented, respectively, in Figures 4 and 5. Both present very similar lithological sections. At the bottom, red nodular marly limestones crop out, underlying an interval, 80-150 cm thick, of grey nodular limestones with abundant crinoid fragments and a rich macrofauna composed primarily of ammonites, echinoids and pygopids. These levels represent the top of the Tollo Formation, from which there is a change upwards to the marl-limestone rhythmites of the Miravetes Formation. A magnetostratigraphic analysis of these two sections was reported by Ogg et al. (1988) .
The thick monotonous lithological sequence of the Río Argos section constitutes a complete and continuous record of the stratigraphic interval analysed. In contrast, the sequences of Sierra de Quípar-Cañ ada Luenga are relatively much less thick and show, in their lower part (top of the Tollo Formation), evidence of a low net sedimentation rate, with frequent interruptions in the deposit (including omission surfaces and corrosion of the upper side of the fossils). Nevertheless, the fossil succession in these sections is complete and can be well-correlated with that of the Miravetes section. Thus, the presence of stratigraphically significant gaps or condensations can be ruled out. 
Ammonite biostratigraphy
For the present study, we collected more than 2000 ammonites bed-by-bed in the sections studied. Most of the specimens come from limestone beds, although many limonitized forms were found in the marly interbeds of the Miravetes section. The preservation of the specimens in the sections of Sierra de Quípar-Cañ ada Luenga is good, in some cases excellent. That of the specimens from the Miravetes section is mediocre but adequate for identifying for biostratigraphical purposes. The assemblages are composed exclusively of Mediterranean taxa (Bochianitidae, Haploceratidae, Lytoceratidae, Neocomitidae, Olcostephanidae, Phylloceratidae and Protetragonitidae). As indicated by Wiedmann (in , the lytocerattids and phylloceratids, which are quite scarce in the swell facies of the Sierra de Quípar-Cañ ada Luenga area, are much more frequent in the Miravetes section.
The faunal succession is practically identical throughout the sections studied. In all of them we have recognized the three biostratigraphic units usually differentiated for this interval (Hoedemaeker & Bulot, 1990; Hoedemaeker & Company, 1993) , i.e., from bottom to top: the T. alpillensis Subzone, the Th. otopeta (Sub)Zone and the Th. pertransiens Zone.
Figures 3-5 represent the distribution of the stratigraphically most significant ammonite species in the reference sections.
Tirnovella alpillensis Subzone
Hoedemaeker (1982) created this biostratigraphic unit to refer to the interval from bed 230 to bed 261 of the Miravetes section in which, according to his observations, species of Berriasian age coexisted with others belonging to the genera Neocomites, Sarasinella, Olcostephanus and Thurmanniceras, traditionally considered as characteristic of the Valanginian. In fact, Hoedemaeker (1982) defined the base of this subzone by the appearance of these 'Valanginian' forms and not by the first occurrence of the index species, T. alpillensis, which would be at a somewhat lower level.
At first, Hoedemaeker (1982 Hoedemaeker ( , 1983 ) correlated his T. alpillensis Subzone with the B. calisto Subzone of Le Hégarat & Remane (1968) in SE France. Subsequently, however, he introduced a major modification by considering that the Subzone of B. calisto should in reality correspond exclusively to the interval from beds 223 to bed 230 of the Miravetes section (Hoedemaeker, 1984) . According to this correlation, the T. alpillensis Subzone, characterized by a particular assemblage of 'Berriasian' and 'Valanginian' species, would constitute a new, distinct biostratigraphic unit. The fact that this assemblage had not been recognized in SE France could be explained, according to Hoedemaeker (1984 Hoedemaeker ( , 1995 , by the presence of a hiatus in many of the French sections, among these the stratotype of Berrias. In other apparently complete sections, such as those of Angles or La FauriePusteau, Hoedemaeker (1984) interpreted this interval to have been assigned indiscriminately, by French authors, to the B. calisto Subzone.
The present study in no way confirms these interpretations. In fact, neither in the interval assigned by Hoedemaeker to the T. alpillensis Subzone in the Miravetes section itself, nor in the equivalent levels of the Sierra de Quípar-Cañ ada Luenga sections, have we found any specimen attributable to taxa characteristic of the Valanginian. Similar results have been reported in other detailed studies recently carried out in various sections of SE France (Bulot et al., 1993; Blanc et al., 1994; Bulot & Thieuloy, 1995; Bulot, 1995 Bulot, , 1996 . As we have long maintained (Company, 1982 (Company, , 1987 Tavera, 1985) , this discrepancy with the data presented by Hoedemaeker (1982) cannot be explained other than by a notable divergence in the taxonomic identifications of the ammonites present in the levels corresponding to the T. alpillensis Subzone. Thus, for example, the specimens figured by Hoedemaeker (1982, pl. 5) as Neocomites premolicus, Thurmanniceras aff. thurmanni and Tirnovella gratianopolitensis are interpreted by us as more or less typical forms of Tirnovella alpillensis and Fauriella boissieri. Comparable situations arise with many of the specimens in Hoedemaeker's collection from these levels, which we have had the opportunity to examine, thanks to the kindness of our Dutch colleague. A similar conclusion was reached by Bulot (1995) from the study of the photographs of the same specimens.
According to our interpretation, the ammonite assemblage from the T. alpillensis Subzone is composed of Berriasella calisto (d'Orbigny) (Figure 6g Figure 6i ) and other species of Spiticeratinae, attributable provisionally (Company & Tavera, in prep.) to the genera Groebericeras, Kilianiceras and Negreliceras, together with other forms of lesser biostratigraphic interest. None of these species can be considered characteristic of the Valanginian.
Furthermore, this assemblage is, as also pointed out by Bulot (1995) , basically the same as that recognized by Le Hégarat & Remane (1968) and Le Hégarat (1973) in the B. calisto Subzone of SE France; thus, contrary to the opinion of Hoedemaeker (1984) , we conclude that the T. alpillensis Subzone does not constitute a biostratigraphic unit distinct from the B. calisto Subzone. This conclusion, however, poses a methodological problem. On the one hand, the B. calisto Subzone is difficult to use, given the imprecision of its original definition (Le Hégarat & Remane, 1968; LeHégarat, 1973) . On the other, the T. alpillensis Subzone, which has already been admitted as valid in the standard zonations proposed for the Mediterranean region (Hoedemaeker & Bulot, 1990; Hoedemaeker & Company, 1993) , was created by Hoedemaeker (1982) for an assemblage which, in our interpretation, does not exist. Bulot et al. (1993) offered a solution to this problem on redefining the T. alpillensis Subzone, drawing its lower boundary at the appearance of the index species. It is in this sense that we use this biostratigraphic unit here.
Thurmanniceras otopeta Subzone
According to the most recent interpretations (Company, 1987; Hoedemaeker & Bulot, 1990; Hoedemaeker & Company, 1993; Bulot et al., 1993; Blanc et al., 1994; Bulot, 1995) , the base of this biostratigraphic unit is defined by the appearance of the index species, Th. otopeta Thieuloy (Figure 7c, d) .
Our data, which on this point practically coincide with those of Hoedemaeker (1982) , indicate that this 'event' takes place in bed 263 of the Miravetes section. The assemblage characteristic of this unit is composed mostly of species already present in the T. alpillensis Subzone. In addition to these, and together with Th. otopeta, Tirnovella romani (Mazenot) and Tirnovella sp. 1 (Figure 7g ) appear, and, slightly higher, Kilianella lucensis Sayn (Figure 6c ). At these levels the first typical specimens of Olcostephanus drumensis Kilian were also recorded, although it should be mentioned that the transition between S. gr. multiforme and this species is very gradual.
The Th. otopeta Zone was created to cover the stratigraphic interval between ''la faune franche à Berriasella calisto et les premières apparitions de Thurmanniceras pertransiens véritables'' (Busnardo & Thieuloy, 1979, p. 60) . This interval corresponds to the 'Horizon supérieur à Kilianella aff. pexiptycha et Thurmannites aff. pertransiens' (=Beaucels Horizon) of the Berriasian of Mazenot (1939) , characterized by its typical Berriasian fauna, to which some taxa of Valanginian affinities are added. This horizon had been transferred to the Valanginian by Busnardo & Le Hégarat (1965) and kept there by Busnardo & Thieuloy (1979) and by most authors subsequently. Nevertheless, in 1992, during the 2nd Workshop of the Lower Cretaceous Cephalopod Team, some of the participants (i.e., Luc Bulot and ourselves) raised the possibility of returning to the classical interpretation by including this unit in the Berriasian, given the distinctiveness of its faunal assemblage, being composed mainly of Berriasian species (Hoedemaeker & Company, 1993) . This proposal, subsequently developed by Bulot and colleagues (Bulot et al., 1993; Blanc et al., 1994; Bulot, 1995; Bulot & Thieuloy, 1995) using data from the sections of SE France, has been followed here (see below in the discussion concerning the Berriasian/Valanginian boundary).
The transfer of the Th. otopeta beds to the Berriasian justifies the inclusion proposed by Bulot (1995) of a Th. otopeta Subzone in the uppermost part of the F. boissieri Zone, above the T. alpillensis Subzone. Although the assemblage of the Th. otopeta beds coincides largely with that of the T. alpillensis Subzone, the first occurrence of Th. otopeta constitutes a datum level sufficiently significant to define a different and potentially recognizable biostratigraphic unit throughout most of the Mediterranean realm. In fact, besides SE France and the Betic Cordillera, Th. otopeta is present, although generally erroneously identified, in assemblages from the northern Calcareous Alps (Immel, 1987, pl. 4, fig. 5 ), the western Carpathians (Wierzbowski & Remane, 1992, pl. 3, fig. 10 ), the Bakony Mountains (Fü lö p, 1964, pl. 14, fig.  2 ), the Balkans (Nikolov, 1960, pl. 18, fig. 3 ) and Crimea (Baraboschkin, 1995) . Bulot (1995) defined, in the upper part of this unit, a biohorizon characterized by the presence of Kilianella thieuloyi Bulot (=Th. otopeta 'morphotype à cô tes épaisses' in Thieuloy, 1979) . We have not identified any specimen that is strictly attributable to this species in our material. It has not been possible, therefore, to characterize this biohorizon, recognized up to now only in some sections of the southern area of the Vocontian Basin.
Thurmanniceras pertransiens Zone
Created by Le Hégarat & Remane (1968) , this biostratigraphic unit has been subjected to highly divergent interpretations. Here, we use it in the sense of Company (1987) , according to which its lower boundary is defined by the appearance of the index species, Th. pertransiens (Sayn) (Figure 7e, f) .
The first in situ record of true Th. pertransiens in the Miravetes section comes from the bed 269 (although some limonitized specimens have been found scattered at the top of the marly interbed overlying the bed 268). We consider, therefore, that the specimens from lower levels attributed to this species by Wiedmann (in and Hoedemaeker (1982) in reality correspond to Tirnovella sp. 1 and extreme morphotypes of Th. otopeta, which can show superficial similarities with Th. pertransiens (see also Bulot, 1995; Bulot & Thieuloy, 1995) .
The appearance of Th. pertransiens coincides with a major renewal in the ammonite fauna. Most of the species present in lower levels disappear. Only Olcostephanus drumensis, Kilianella lucensis and the last representatives of the genera Kilianiceras and Protancyloceras, together with other species of broad stratigraphic distribution, pass into the Th. pertransiens Zone.
In addition, apart from the index species, new taxa appear near the base of the zone. These include Kilianella roubaudiana (D'Orbigny), Neocomites premolicus Sayn (Figure 7h ), Sarasinella eucyrta (Sayn) and Thurmanniceras gratianopolitense (Kilian) (Figure 7a, b) , and confer to this faunal assemblage an aspect that is quite different from that of previous assemblages. We have just cited, among the species appearing at this level, Th. gratianopolitense. Following a traditional criterion, and lacking a more thorough revision of these forms, we include in this species the small specimens characteristic of the Mediterranean pelagic realm for which Bulot (1995) created the species 'Fauriella' kiliani. In fact, in the neritic facies of the Lower Valanginian of the western High Atlas (Morocco) it is common to find, in association with N. premolicus and Th. pertransiens, forms very close to the type of Th. gratianopolitense, the juvenile stages of which are comparable to the small specimens in the Mediterranean Basin areas (Ettachfini, Company & Tavera, in preparation) .
Calpionellid biostratigraphy
At present, there is an almost general consensus on the stratigraphic distribution of the most significant calpionellid species throughout the upper Berriasian/ lowermost Valanginian interval. In fact, the standard zones defined by Allemann et al. (1971) continue to be commonly applied, with only minor discrepancies persisting in relation to their subdivision (Pop, 1994; Blanc, 1995; .
For the present work, we analysed two samples from each limestone bed of the sections M.CL and Y.CL 2 . From the section Y.Mv, we studied only the upper part, from bed 261 upwards. It should be pointed out that the samples from the Cañ ada Luenga sections contain abundant calpionellids in an excellent state of preservation, but in those from the Miravetes section specimens are much scarcer and often deformed and/or recrystallized, frequently preventing reliable identification.
In the sections studied, we recognized the Calpionellopsis and Calpionellites Standard Zones. Throughout the stratigraphic interval occupied by these two zones, six significant bioevents are commonly recognized (Allemann & Remane, 1979; Remane et al., 1986; Pop, 1994) . These are, successively, the first occurrences of Calpionellopsis simplex (Colom), Calpionellopsis oblonga (Cadish), Lorenziella hungarica Knauer & Nagy, Precalpionellites murgeanui Pop, Calpionellites darderi (Colom) and Calpionellites major (Colom).
The first occurrence of Cs. simplex marks the lower boundary of the Calpionellopsis Zone. According to Allemann & Remane (1979) , this bioevent coincides with the base of the F. boissieri ammonite Zone, well below the interval analysed here. In the samples studied, Cs. simplex is infrequent, its last representatives being located in the Th. otopeta Subzone.
The first occurrence of Cs. oblonga has served to define the base of the Cs. oblonga Subzone (Remane et al., 1986) . The evolutionary transition from Cs. simplex to Cs. oblonga is a gradual 'event' that takes place around the boundary between the B. (M.) paramimouna and B. picteti ammonite Subzones, also below the interval considered here. In our sections, Cs. oblonga constitutes, together with Tintinopsella carpathica (Murgeanu & Filipescu), one of the most abundant elements of the calpionellid assemblages present in the T. alpillensis and Th. otopeta Subzones. It continues to be well-represented at the base of the Th. pertransiens Zone, whereupon its frequency declines progressively until it disappears.
The first occurrence of L. hungarica was used by Allemann & Remane (1979) to define the base of the Subzone D3 in their zonal scheme for the Vocontian Basin. This species has been found in most of the samples studied here, although invariably as a very minor component in the assemblages. Its scarcity and identification difficulties have led some authors (Remane et al., 1986; Pop, 1986a, b) to reject this 'event' as a valid biostratigraphic criterion.
As in SE France (Allemann & Remane, 1979) , the first occurrence of P. murgeanui is located in the Cañ ada Luenga sections in the upper part of the Th. otopeta Subzone. Even though this is a minor species in the calpionellid assemblages, its presence has been detected in numerous areas of the Tethys, leading Pop (1986b Pop ( , 1989 to create a P. murgeanui Subzone in the upper part of the Calpionellopsis Zone. According to Bulot (1996) , this subzone can be correlated with the biohorizon of K. thieuloyi.
The first occurrence of Ct. darderi marks the base of the Calpionellites Zone. As pointed out previously (Company & Tavera, 1982) , in the sections of the Sierra de Quípar-Cañ ada Luenga area, this event coincides with the base of the Th. pertransiens Zone, in consonance with the observations of Allemann & Remane (1979) and Blanc et al. (1994) in SE France. In the Miravetes section, very likely owing to problems of preservation, did not find this species, while Hoedemaeker & Leereveld (1995) reported its first occurrence at a much higher stratigraphic level. We have found some highly doubtful specimens in bed 269.
Several metres above the base of the Th. pertransiens Zone in the Cañ ada Luenga sections the first specimens attributable to Ct. caravacaensis Allemann appear. It is a well documented fact in various parts of the Tethys (Allemann & Trejo, 1975; Allemann & Remane, 1979; Pop, 1986b, c; Vasícek et al., 1983) that the first appearance of Calpionellites with cylindrical loricae (Ct. caravacaensis and Ct. major) is stratigraphically higher than that of the forms with parabolic loricae (Ct. darderi and other closely related species). This bioevent was used by Pop (1989 Pop ( , 1994 to define a Ct. major Subzone in the upper part of the Calpionellites Zone.
Nannofossil biostratigraphy

Material and methods
We have analysed the stratigraphic distribution of the calcareous nannofossil species in both the Miravetes section (Y.Mv) and three sections in the Cañ ada Luenga area (M.CL, Y.CL 2 and M.Qp 2 ). All were sampled bed-by-bed, enabling a direct and detailed correlation with the ammonite successions to be established.
A total of 114 samples have been studied. Smear slides were prepared from raw material, without any type of treatment, in order to preserve as faithfully as possible the original composition of the nannofossil assemblages. The study was carried out using a light microscope at 1250 magnification, examining a minimum of 200 fields of view per sample. Nannofossils are in general abundant, constituting about 30-80% of the whole rock. Preservation seems to be closely related to the lithology of the sample, varying from poor to moderate with overgrowth in marly limestones, and moderate to good with only slight overgrowth and/or etching in the samples from the most marly intervals. The assemblages from thin marly beds intercalated between the most limy intervals are quite poorly preserved, but good enough so as not to have a detrimental effect on the results of the biostratigraphic study.
The diversity of the assemblages was generally high, with a total of 62 species recognized (see Appendix). In all cases, there is a clear predominance of cosmopolitan taxa (Biscutum spp., Cyclagelosphaera spp., Diazomatolithus lehmanii, Lithraphidites carniolensis, Watznaueria spp., and Zeugrhabdotus spp.) together with those more closely linked to the Tethyan realm (Calcicalathina praeoblongata sp. nov., Conusphaera mexicana, Diadorhombus rectus, Miravetesina favula, Nannoconus steinmannii, N. kamptneri, N. globulus, N. wintereri, Percivalia fenestrata, P. nebulosa, Rhagodiscus asper, Rucinolithus wisei, Tubodiscus spp. and Umbria granulosa ssp. granulosa, among others). Nevertheless, we also detected the presence, although sporadic, of some taxa with boreal affinities, such as Kokia borealis, Sollasites horticus and Speetonia colligata (PerchNielsen, 1979 , 1988 Mutterlose, 1987 Mutterlose, , 1992a van Niel, 1994) .
Nannofossil events around the Berriasian/ Valanginian boundary
The entire stratigraphic interval analysed corresponds to the Retecapsa angustiforata Zone (Thierstein, 1971 Sissingh, 1977; Perch-Nielsen, 1979 Bralower et al., 1989) . The lower boundary of this zone is defined by the first occurrence of the index species . This 'event' takes place in the lower or middle part of the Berriasian Aguado, 1993a, b; Gardin & Manivit, 1993; Hoedemaeker & Leereveld, 1995) , well below the stratigraphic levels analysed here.
The upper boundary of the R. angustiforata Zone coincides with the first occurrence of Calcicalanthina oblongata (Figure 9.2-5 ). According to the results obtained by Aguado (1993a, b) from the same sections of Cañ ada Luenga area, this 'event' is located in the upper part of the Th. pertransiens Zone, above the stratigraphic interval analysed here. A similar position for this 'event' has been observed in SE France (Manivit, 1979; Bulot, 1996) . However, placed the appearance of C. oblongata towards the top of the Th. otopeta Zone in the Angles section and references to this species are also frequent at much lower levels. Thus, for example, Hoedemaeker & Leereveld (1995) mentioned its presence in the lower part of the T. alpillensis Subzone in the Miravetes section. Approximately in that level, we have detected the first record of forms similar to C. oblongata but with more primitive morphological characters which enable their differentiation at the species level. The presence of these forms, which we identify as C. praeoblongata sp. nov. (see , has already been reported in other recent studies (Calcicalathina sp. A, in C. aff. oblongata, in Bulot, 1996) . We believe that the specimens assigned by various authors to C. oblongata, but coming from levels below the upper part of the Th. pertransiens (where true C. oblongata first appear), should be assigned to this new species. Bralower et al. (1989) used the first occurrence of Percivalia fenestrata to divide the R. angustiforata Zone into two subzones, a lower Assipetra infracretacea Subzone and an upper P. fenestrata Subzone. Nevertheless, the distinction of these two subzones is hindered in practice by a gradual and progressive morphological transition between the typical forms of Percivalia nebulosa (new combination for Rhagodiscus nebulosus, see Appendix and Figure 8 .1-5) and the morphotypes clearly assignable to Percivalia fenestrata s.s. This morphological transition was mentioned by Bralower et al. (1989) and is illustrated by our specimens (Figure 8.6-10 ). Percivalia fenestrata s.s. does not appear in our sections until the upper part of the T. alpillensis Subzone, within the magnetic polarity zone M15r. We believe that the references to this species at lower stratigraphic levels Ogg et al., 1991; Gardin & Manivit, 1993) Another characteristic event of the interval analysed is the appearance of the genus Tubodiscus. In the sections investigated here, the representatives of this genus are scarce and do not present a continuous record. The first records of Tubodiscus jurapelagicus (Figure 9 .6-9) are located in the lower part of the T. alpillensis Subzone, within the polarity zone M16n. The first forms assignable to Tubodiscus verenae (Figure 9.10, 11, (24) (25) (26) (27) have been found in our sections coinciding approximately with the first appearance of P. fenestrata (within the polarity zone M15r), also slightly below that indicated by Bralower et al. (1989) .
The last record of Umbria granulosa ssp. granulosa is within the T. alpillensis Subzone slightly above the first records of T. jurapelagicus and C. praeoblongata and below the appearance of P. fenestrata and T. verenae (polarity zone M15r).
Rucinolithus wisei (Figure 8 .25-28) is present in our sections from the base of the T. alpillensis Subzone. Its first occurrence should occur at lower stratigraphic levels.
Finally, Diadorhombus rectus is a scarce species, and with a discontinuous record in our sections. There is no agreement among authors as to the level of its first occurrence. Thus, Bralower et al. (1989) placed it below the first occurrence of R. angustiforata, within the polarity zone M17r; Gardin & Manivit (1993) placed it at levels fluctuating between the middle Berriasian, slightly below the appearance of R. angustiforata, and the top of the Berriasian, above that of P. fenestrata. Finally, Bergen (1994) also placed it above that of P. fenestrata. In our sections, D. rectus is present from the base of the T. alpillensis Subzone. The reason for these differences could be that D. rectus is generally small and scarce, and has delicate structures which can be easily obliterated by etching or overgrowth.
Magnetostratigraphy
As mentioned above, the magnetostratigraphy of the Cañ ada Luenga sections was studied by Ogg et al. (1988) . Both sections (M.CL and Y.CL 2 , which correspond, respectively, to VCY and VCZ in Ogg et al., 1988) display identical magnetic polarity sequences which can be correlated with the interval between the upper part of the polarity zone M16n and the lower part of the polarity zone M14r. It should be pointed out that, hitherto, these sections are the only ones in the world in which it has been possible to establish a direct correlation between the magnetic polarity scale and the ammonite zonation for this stratigraphic interval (Ogg et al., 1991; Gradstein et al., 1994) . The Miravetes section, on the contrary, has proved inadequate for magnetostratigraphic analysis because of strong magnetic overprinting (Hoedemaeker et al., 1997) .
The data presented here, and in particular the new findings that modify the location of certain bioevents in the sequence, require a review of the correlation proposed by Ogg et al. (1988) between the magnetostratigraphic scale and the ammonite and calpionellid zonations. According to these new data, the lower boundary of the Th. otopeta Subzone practically coincides with the base of polarity zone M15n, the first occurrence of P. murgeanui is very near the boundary between M15n and M14r, and the base of the Th. pertransiens Zone (which coincides with the base of the Calpionellites Zone) is situated in the lowermost part of the polarity zone M14r. With respect to the calcareous nannofossil bioevents, as indicated above, the first occurrences of T. jurapelagicus and C. praeoblongata are in the uppermost part of M16n, whereas U. granulosa ssp. granulosa disappears a little higher up, at the base of M15r. The first occurrence of P. fenestrata is in the upper part of M15r, and the first occurrence of true C. oblongata is in the upper part of M14r, although it has not been recorded in the interval studied.
Conclusions: the Berriasian/Valanginian boundary
The comparative analysis of the vertical distribution of ammonites, calpionellids and calcareous nannofossils in the sections studied reveals that the succession of biostratigraphic events is identical in all of the sections (Figure 10 ). This implies that the stratigraphic interval assigned by Hoedemaeker (1982) to the T. alpillensis Subzone (which corresponds to levels 230-261 in the Miravetes section) is also integrally represented in the Sierra de Quípar-Cañ ada Luenga sections, and therefore invalidates Hoedemaeker's supposition (1984 Hoedemaeker's supposition ( , 1995 ; see also Hoedemaeker & Leereveld, 1995) that the sediments corresponding to this subzone are lacking in most of the sections known from SE France and the Betic Cordillera, and that records of these sediments exist only in the deepest areas of the basins. This would explain, according to Hoedemaeker, why the ammonite assemblage from the T. alpillensis Subzone has been recognized hitherto only in the Miravetes section. In reality, as we have maintained repeatedly in the past, the composition of the assemblage from the T. alpillensis Subzone is practically the same as that from the B. calisto Zone, and the differences pointed out by Hoedemaeker are exclusively owing to different taxonomic interpretations.
Largely as a result of these problems in the applied ammonite taxonomy, most of the members of the Valanginian Working Group attending the Second International Symposium on Cretaceous Stage Boundaries (held in Brussels during 1995) voted in favour of situating the Berriasian/Valanginian boundary at the base of the Calpionellites Zone, defined by the first occurrence of Calpionellites darderi (see Bulot, 1996) . We firmly support this alternative, given that this event furthermore fulfils a number of conditions for making it an excellent boundary level.
Firstly, Ct. darderi is a species that has a very wide geographic distribution, covering a very large part of the Tethys realm from Mexico to Anatolia, and being recorded in different types of pelagic and hemipelagic facies, both in sections on land and in offshore boreholes. It is easily recognizable in well-preserved samples, but if the preservation is not so good, it may be confused with P. murgeanui or with other Calpionellites species having parabolic loricae (Ct. coronata or Ct. uncinata). However, as indicated by Remane (1985) , the resulting stratigraphic error is not grave, because P. murgeanui first appears at the top of the Calpionellopsis Zone and the other Calpionellites species mentioned have stratigraphic ranges similar to that of Ct. darderi.
As discussed above, the first occurrence of Ct. darderi practically coincides with the base of the Th. pertransiens Zone (Figure 10 ). This has been confirmed both in our sections and that in SE France. Thurmanniceras pertransiens is also known throughout the Mediterranean, from the western Atlas to Crimea (other records outside the Mediterranean area are probably erroneous), being especially frequent in pelagic sediments. In platform areas, it is rather rare and replaced quantitatively by others such as N. premolicus, S. eucyrta and Th. gratianopolitense (Ettachfini et al., 1998) , the first occurrence of which also approximately coincides with the base of the Calpionellites Zone. On the other hand, the presence of Platylenticeras in the lower part of the Th. pertransiens Zone in SE France has led some authors (Hoedemaeker, 1987; Bulot, 1995) to correlate the base of the Platylenticeras-Schichten, which marks the beginning of the sub-boreal Valanginian, with the base of the Th. pertransiens Zone.
Major events coinciding with this same stratigraphic level have also been detected in other groups of organisms. Thus, Leereveld (1997) recorded the first occurrence of several species of dinoflagellates in beds 268-271 of the Miravetes section (Th. pertransiens appears in bed 269), enabling him to define the base of a Spiniferites spp. Zone at that level. Lakova et al. (1997) reported that a renewal in the calcareous dinocyst assemblages also coincides with the base of the Calpionellites Zone. Among the calcareous nannofossils, the most significant 'event' is the first occurrence of Calcicalathina oblongata in the middle/upper part of the Th. pertransiens Zone.
Evidently, this collection of bioevents accompanying the first occurrence of Ct. darderi, together with its location on the magnetostratigraphic scale (in the lower part of the magnetozone M14r), confer an extraordinary correlation potential for the boundary level chosen, far greater than those for the other boundaries proposed previously (i.e., the base of the T. alpillensis Subzone and the base of the Th. otopeta Subzone). We believe that this is sufficient to accept this boundary level and to leave aside the question of the first appearance of ammonites with 'Valanginian affinities', which traditionally has focused the discussion on the Berriasian/Valanginian boundary (see Bulot, 1995) .
Finally, a historical reason also emerges. For the authors who developed the concept of the Valanginian in the pelagic facies of SE France between the end of the 19th century and the beginning of the 20th (Kilian, Lory, Paquier, Sayn, etc.) , this stage clearly began with the marls and marly limestones containing pyritized ammonites. This viewpoint predominated until much later; hence, Mazenot (1939) included his 'Horizon supérieur à Kilianella aff. pexiptycha and Thurmannites aff. pertransiens' in the Berriasian. This horizon (''bien repéré stratigraphiquement et immédi-atement sous-jacent aux marnes valanginiennes à ammonites pyriteuses'', according to Mazenot, 1939, p. 266) , is equivalent to the present Th. otopeta Subzone, as discussed above. It was transferred to the Valanginian at the Lyon Colloquium (Busnardo & Le Hégarat, 1965) without really solid arguments having been provided. The proposal to draw the Berriasian/ Valanginian boundary at the base of the Calpionellites Zone thus represents a return to the classical concept of this boundary.
In accord with the guidelines of the International Commission on Stratigraphy, the definition of a chronostratigraphic boundary should be based on a stratotype section which contains the most complete possible record of the events relevant for the recognition and correlation of this boundary. With regard to the Berriasian/Valanginian boundary, the Cañ ada Luenga sections clearly more than satisfy the requirements (e.g., exposure quality, stratigraphic continuity, fossil abundance and diversity, amenability to magnetostratigraphy and chemostratigraphy; see Cowie, 1990) , to be considered, together with the Montbrun-les-Bains section (Drô me, SE France) proposed by Blanc et al. (1994) , as potential boundary stratotypes. 
